In this communication we present data suggesting that thiamine disulfides specifically inhibit yeast thiamine transport by interacting with some transport component(s), which appears to be firmly attached to the cell membrane, of the thiamine transport system in S. cerevisiae.
Initial rates of thiamine uptake by S. cerevisiae, which was obtained as a clonal isolate of commercial bakers' yeast (Oriental Yeast Co., Ltd., Osaka, Japan) as previously reported (7) , in the presence of thiamine disulfides at various concentrations are shown in Table 1 . Both thiamine disulfide, prepared as described by Kawasaki et al. (8) , and BTDS (a gift from Tanabe Seiyaku Co., Ltd., Osaka, Japan) markedly inhibited thiamine uptake by yeast cells, and the inhibition by the latter was much stronger than that by the former. The extent of inhibition of thiamine transport by BTDS was not significantly increased even if the analog was added to the cell suspensions during preincubation, and the inhibition could be reversed by washing the cells with 0.05 M potassium phosphate buffer (pH 5.0). These findings would rule out the possibility that BTDS reacts with some transport component(s) to yield a covalently bound thiamine derivative, as indicated in an affinity label for yeast biotin transport component(s) with biotinyl-p-nitrophenyl ester (1) . The kinetics ofthiamine transport shows that both thiamine disulfide and BTDS competitively inhibit thiamine uptake, with apparent K{ values of 57 nM for thiamine disulfide and 1.8 nM for BTDS (Fig. 1) . Since the K{ value for pyrithiamine, which is known as one of the most potent antimetabolites of thiamine, is 0.11 ,uM, the affinity of BTDS to the yeast thiamine transport system appears to be approximately 60-fold higher than that of pyrithiamine.
Suzuoki (10) showed that thiamine propyl disulfide cannot be taken up by bakers' yeast cells unless it is converted to thiamine by reduction. Subsequently, it was also demonstrated with Escherichia coli (2) that thiamine propyl disulfide is not directly taken up by the cells, but is first reduced to thiamine on the outer surface of the cell membrane (probably by a nonenzymatic process), which is then transported via the uptake system specific for thiamine. Table 2 shows intracellular thiamine levels after incubation of yeast cells with BTDS. At a concentration of 0.1 uM, BTDS inhibited thiamine uptake 91.8%, whereas incubation of the cells with BTDS at the same concentration only caused a slight elevation of the intracellular thiamine level, which corresponds to 1.1% of the amount of thiamine transported. The thiamine level still remained at 3.1% even with incubation with 1 ,uM BTDS. These results indicate that the inhibition of thiamine transport by BTDS is not due to an intracellular accumulation of thiamine and consequent regulation, but appears to be due to specific competition between thiamine and BTDS on the cell membrane before they enter into the cells. An earlier investigation has shown that pyrithiamine 
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a Intracellular thiamine amount was determined as previously described (7) after incubation for 2 min at 37°C. thiamine disulfides probably depends on their high solubility to lipid components in the yeast cell membranes. The inhibition of thiamine disulfides, furthermore, appeared to be specific for thiamine transport in S. cerevisiae, since BTDS did not affect the uptake of pyridoxine, which can be taken up by yeast cells (9) and has a similar structure to the pyrimidine moiety of thiamine, at 10-fold concentrations of the vitamin (data not shown). On the other hand, with E. coli K-12 BTDS did not inhibit thiamine transport, even at a 10-fold concentration of thiamine, which may reflect the difference in lipid composition between the two microorganisms.
The transport component(s) responsible for such inhibition by thiamine disulfides in S. cerevisiae is still obscure, but it seems to be present firmly attached to the cell membrane, since thiamine-binding activity (4) found in soluble fractions of sonic extracts of yeast cells (6) was not affected by BTDS at the concentration that is inhibitory for yeast thiamine transport.
